Rosaceae is the most important fruit-producing clade, and its key commercially relevant genera (Fragaria, Rosa, Rubus and Prunus) show broadly diverse growth habits, fruit types and compact diploid genomes. Peach, a diploid Prunus species, is one of the best genetically characterized deciduous trees. Here we describe the high-quality genome sequence of peach obtained from a completely homozygous genotype. We obtained a complete chromosome-scale assembly using Sanger whole-genome shotgun methods. We predicted 27,852 protein-coding genes, as well as noncoding RNAs. We investigated the path of peach domestication through whole-genome resequencing of 14 Prunus accessions. The analyses suggest major genetic bottlenecks that have substantially shaped peach genome diversity. Furthermore, comparative analyses showed that peach has not undergone recent whole-genome duplication, and even though the ancestral triplicated blocks in peach are fragmentary compared to those in grape, all seven paleosets of paralogs from the putative paleoancestor are detectable.
Rosaceae includes species grown for their fruits (for example, peaches, apples and strawberries), lumber (black cherry) and ornamental value (roses). The family encompasses a wide variety of fruit types (pomes, drupes, achenes, hips, follicles and capsules) and plant growth habits (ranging from herbaceous to cane, bush and tree forms). The species that produce drupe fruits (peaches, apricots, almonds, plums and cherries) are important agricultural crops worldwide (for example, 20 million tons of peach are produced per year; FAOSTAT 2010, http://faostat.fao.org/), providing vitamins, minerals, fiber and antioxidant compounds for healthy diets. With an increasing need to improve the sustainability of our fruit and forest tree resources, a fundamental understanding of the biology and genetics of key tree species is important. As genetic and genomic resources, fruit trees are unique in that domestication and intensive breeding have captured the variant alleles of genes that control basic tree growth, fruit development and sustainability. Peach (Prunus persica (L.) Batsch), which has been bred and cultivated for more than 4,000 years 1 , is a highly genetically characterized tree species whose genome is important for both fruit and forest tree research. In peach, genetic and genomic efforts have identified gene-containing intervals controlling a large number of important fruit traits (Supplementary Note and Supplementary Table 1) .
Rosaceous genomes offer one of the best systems for the comparative study of genome evolution. The diploid species representatives of this family (strawberry, rose, raspberry and peach) have very small genomes of 200-300 Mb [2] [3] [4] ; however, they show a broad diversity in growth habit. To better exploit this resource, the availability of whole-genome sequences of key diploid species is crucial.
RESULTS

Sequencing, assembly and map integration
We report here the high-quality whole-genome shotgun assembly of a double haploid genotype of the peach cv. Lovell (PLov2-2N; 2n = 2x = 16) with an estimated genome size of 265 Mb 5 . Using Arachne v.20071016 (ref. 6 ), we assembled a total of 3,729,679 Sanger sequence reads (8.47-fold final sequence coverage) in 391 major scaffolds (>1 kb) covering 226.6 Mb. We screened these scaffolds (Supplementary Note) and checked them for putative misassemblies; 234 were retained and 40 were anchored using 827 markers from an updated version of the previously published Prunus reference map 7 to form the final release of 224.6 Mb of the peach genome (Peach v1.0) organized in eight pseudomolecules (215.9 Mb, 96.1% of the total assembly) and 194 unmapped scaffolds with scaffold and contig N50/L50 values of 4 Mb/26.8 Mb and 294 kb/214.2 kb, respectively. Aligning a set of 13 finished fosmid sequences to the genome revealed 187 non-gap adjacent mismatches out of 442,732 bp aligned, yielding an average base-pair accuracy of 99.96%. We estimated the completeness of the euchromatic portion of the assembly by aligning 74,606 Prunus ESTs obtained from GenBank onto the assembly, and approximately 1% of the ESTs were not found (Supplementary Note, Supplementary Tables 2-5 and Supplementary Figs. 1-4 ). An extensive check of the current release revealed a few misassembly and orientation issues that will be dealt with in an upcoming release (Supplementary Note, Supplementary Fig. 5 and Supplementary Tables 6-10). We compared the quality of the peach sequence assembly to that of other plant genomes using the standards established in a previous publication 8 and noted a high level of contiguity and fraction of mapped sequences (Supplementary Table 11 ). We assigned the approximate positions of than that observed in Arabidopsis (18.5%; TAIR 8, refs. 9,10), as could be expected on the basis of a proportionality of repeat content with genome size. The comparability of these estimates is also dependent on the methods used to identify repeats: the grape repeat identification procedure was very similar to that used in peach, making those two estimates highly comparable. Using a molecular paleontological approach 11 , we estimated the insertion time of LTR elements on the basis of the nucleotide divergence of their LTRs. In the vast majority of cases, the LTR divergence was extremely low (Supplementary Fig. 7) . Notably, 253 LTR retrotransposon elements (12.6% of the total) had identical LTRs. These data point to an extremely recent (possibly still ongoing) wave of retrotransposition for these elements. Analysis of the reverse transcriptase domains of both the Ty1-copia and Ty3-gypsy LTR retrotransposon subclasses identified in peach and woodland (45,654; ref. 12) but is similar to those in grape (30,434; ref. 13) and Arabidopsis (27, 416; TAIR 10, ref. 10 , http:// www.arabidopsis.org/portals/genAnnotation/gene_structural_anno-tation/annotation_data.jsp). The gene density in peach (1.22 genes per 10 kb on average) was higher than that in apple (0.78; ref. 9) but was lower than that in Arabidopsis (2.29; TAIR 10, ref. 10). In addition to protein-coding genes, we identified and annotated various noncoding RNA sequences. We integrated previously identified conserved microRNAs (miRNAs) 14 with the data presented in Figure 1 Supplementary Figs. 10 and 11) . In Rosaceae, polyol biosynthesis 15 has a more prominent role than what is seen in other plant families. For example, in apple and peach, ~70% of translocated carbon is in the form of sorbitol 16, 17 . Integrating the most recent Rosaceae molecular phylogeny 18 with data on sorbitol content 19 , it is evident that leaf sorbitol synthesis and accumulation are restricted to the subfamily Spiraeoideae (for example, apple, peach and cherry), whereas in the subfamilies Rosoideae and Dryoideae, this polyol is comparatively absent 20, 21 . Accordingly, in Spiraeoideae, a previous study 22 described sorbitol transporters (SOT) that substantially increase sorbitol uptake, and in cherry, two SOT-encoding genes are known to have a major role in sorbitol accumulation 23 . Besides those encoding transporters, other key genes in sorbitol metabolism encode A6PR (aldose 6-P reductase, which is rate limiting for sorbitol biosynthesis) and SDH (sorbitol dehydrogenase), which converts the alcohol into sugars in fruits 24, 25 . We found that in contrast to other species with sequenced genomes, apple and peach SDH and SOT are large gene families (Supplementary Table 17) . With the wholegenome sequence of peach (a diploid with no recent whole-genome duplication (WGD)), we were able to deduce from the position of these two species in the Rosaceae phylogeny that the specific gene family expansions probably occurred before the evolutionary split of the genera Malus and Prunus. Mapping of SOT gene clusters in peach and apple supports this conclusion (Supplementary Note). For A6PR, the expansion of gene number is evident only in apple. In strawberry (a Rosoideae species with low sorbitol content in leaves and fruit), the families A6PR, SDH and SOT do not have substantially different numbers of genes compared to other sequenced non-Spiraeoideae species (Supplementary Table 17 ). In conclusion, the genomic data support the species-specific massive polyol biosynthesis and accumulation as being linked, in part, to gene number expansion in particular gene families. 
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A r t i c l e s
In addition to the unique aspects of polyol metabolism, phenylpropanoid metabolism in developing stone fruit is a unique biological system with spatially defined and well-timed switches in the flux of common precursors among the anthocyanin (early and late fruit development), lignin (stone formation) and free phenolic acids biosynthetic pathways. Sequence comparison with functional phenylpropanoid enzymes from other species identified 56 genes potentially involved in monolignol and anthocyanin biosynthesis in peach. This low number of genes specifying enzymes that produce this diversified set of secondary metabolic products is the most striking feature of the peach phenylpropanoid network. With two exceptions, p-coumarate 3-hydroxylase (C3H) and hydroxycinnamyl transferases (encoded by HCT and HQT), the peach phenylpropanoid toolbox has a minimal number of 'players' for a fruit-producing angiosperm tree. In peach, C3H (encoding the rate-limiting enzyme in monolignol biosynthesis) is represented by five members (four arranged in small tandem duplications on pseudomolecule 1 at ~42.6 Mb), four of which are notably expressed in fruit tissue, as confirmed by fruit ESTs and RNA sequencing (RNA-Seq) data. Similarly, the HCT and HQT gene family is also expanded (11 members in total) due to tandem duplication events in pseudomolecule 3 (10 members at 6-7 Mb). We confirmed expression for 7 out of 11 predicted HCT and HQT genes using the EST PASA alignments and/or RNA-Seq data. Thus, these two genes families encoding enzymes for crucial enzymatic reactions in monolignol and phenolic acids biosyntheses are expanded in peach compared to in the herbaceous Rosaceae species Fragaria vesca, which produces pseudocarp fruits, and poplar and grape, two woody plant perennial species with different reproductive biology. Only apple, which recently underwent a WGD 9 , has a higher number of copies for the C3H gene family (Supplementary Table 17) . Therefore, as was also evident in our analysis of peach polyol metabolism, the tandem gene duplication events in these two important gene families in phenylpropanoid metabolism are probably associated with specialization (that is, production of the lignified stone in Prunus fruits) and represent a Prunus-specific expansion of particular gene families in relation to specific phenotypic adaptations. We mapped the expansion and reduction of gene number for these and other families ( Supplementary Fig. 12 , which represents the phylogeny of Rosaceae adapted from a previous publication 18 ).
Prunus diversity analysis and effects of domestication
To examine the genomic path of peach domestication, we resequenced 11 P. persica accessions (including the dihaploid Lovell PLov2-2N used for the reference assembly as a control) and one accession each of Prunus ferganensis, Prunus kansuensis, Prunus davidiana and Prunus mira (see the Supplementary Note and Supplementary  Table 18 for details about the resequenced accessions). Using a set of 953,357 high-quality SNPs identified in the peach and P. ferganensis accessions (the rationale for including P. ferganensis is discussed below), we estimated the nucleotide diversity for the eight pseudomolecules (Fig. 2, Supplementary Tables 19, 20 and Supplementary  Fig. 13 ). The average nucleotide diversity (π) at the whole-genome level was 1.5 × 10 −3 , with broad variation among individual pseudomolecules, where it ranged from 1.1 × 10 −3 in pseudomolecule 1 to 2.2 × 10 −3 in pseudomolecule 2. A markedly higher than average SNP diversity was evident at the top of pseudomolecule 2 and the bottom of pseudomolecule 4 (Fig. 2) . The top of pseudomolecule 2 had a fivefold higher density of genes encoding the NB-LRR proteins compared to the rest of the genome. It also showed positive Tajima's D values, high amounts of haplotype diversity and linkage disequilibrium (LD) decay similar to the genomic average. As regions hosting resistance genes are known to evolve rapidly [26] [27] [28] , this could explain the unusually high nucleotide diversity in this region. The bottom of chromosome 4 includes genes involved in fruit maturity time 29, 30 . As peaches can be stored for only a few weeks, tens of varieties with overlapping maturity times must be available to the commercial market throughout the season (April to October in the northern hemisphere), and the varieties resequenced represent such a diverse set of maturity times. Breeding for this character then follows a divergent selection scheme that is compatible with the maintenance of a high amount of variability in this chromosomal region. In support of these hypotheses, we did not find wide differences in SNP diversity among regions in P. kansuensis, P. davidiana or P. mira (Fig. 2) .
We grouped 11 P. persica accessions and one P. ferganensis accession according to their geographical origin (eastern compared to western). The rationale for including P. ferganensis in the group of Fig. 14) , this wild species grouped with 'Shenzhou Mitao' , a peach accession belonging to the northern China ecotypes that are most closely related to wild peaches 31 . This close relationship is supported by whole-genome sequence comparisons: P. ferganensis is indistinguishable from the cultivated varieties of peach (Fig. 2) . Northwest China, between the Kunlun Shan mountains and the Tarim basin, is considered the center of origin of peach 1 . P. ferganensis comes from the Fergana Valley on the west side of the Tarim basin in central Asia. It shows some undomesticated traits, such as small fruit (70-80 g), absence of red coloration on the fruit skin, a typical pattern of unbranched leaf veins and a groove in the pit 32 . A plausible explanation for these results is that peach and P. ferganensis are in fact the same species, and P. ferganensis is a wild undomesticated peach or, more probably, represents an intermediate genome in peach domestication. When we considered the molecular variation within the 12 accessions, there was a clear difference in nucleotide diversity: π was 1.6 × 10 −3 for eastern varieties and 1.1 × 10 −3 for western varieties (Supplementary Table 20) . We evaluated the effects of the putative original domestication bottleneck that is supposed to have taken place in China 4,000-5,000 years ago by comparing the nucleotide diversity estimates obtained from a single accession of P. davidiana, a close interfertile wild relative of peach, with that of the domesticated Asian peach varieties, including P. ferganensis. The nucleotide diversity (π) was estimated at 4.8 × 10 −3 for P. davidiana, the only outcrosser among the wild species analyzed, in contrast to the Asian peach varieties, which had a π value of 1.6 × 10 −3 , highlighting the strong reduction of variability associated with domestication. The estimates of π obtained from just two haplotypes derived from a single individual may be subject to a high sampling variance but probably underestimate the diversity present within the species. A second bottleneck, related to the much more recent (16th-19th century) introduction of peach to the United States, is recorded by the difference in the π values between eastern and western varieties (1.6 × 10 −3 compared to 1.1 × 10 −3 , respectively). Further molecular evidence supporting recent historical bottlenecks of P. persica are a deficit of rare SNP variants (Supplementary Fig. 15) Fig. 16 ), and LD r 2 values decaying rather slowly compared to those of other plant species 33, 34 (the average r 2 value is reduced to one-half of its original value within 1 kb and to one-third in 10 kb) but with LD extending over hundreds of kilobases in specific chromosomal regions ( Fig. 1 and Supplementary Fig. 17 ). High local LD may result from selective sweeps related to domestication and breeding; quantitative trait loci for fruit size, a typical domestication trait, have been mapped in regions showing LD peaks on pseudomolecule 4 at ~2 Mb, ~8 Mb 35 and ~20 Mb 29, 35, 36 and on pseudomolecule 5 (15-17 Mb; Fig. 1 ) 35 .
Comparative analysis and peach genome evolution
The radiation of eudicots started around 150 million years ago 37 , and an accepted hypothesis maintains that the progenitor was hexaploid 38 . A corollary of the hypothesis is that the chromosomal state most similar to the paleohexaploid progenitor is present in extant members of the genus Vitis, where chromosomes are still assorted in triplets due to an unexpected maintenance of gene order along tens of millions of years 13 . Thus, comparing chromosomal segments of plant genomes to those of grape allows the description of gene and chromosomal events that have shaped the genomic state of living plant species.
We screened for duplicated regions (Fig. 3) in peach using DAGchainer 39 , identifying a substantial number of duplicated regions. The data were largely sufficient to conclude that in peach the duplications were organized in seven major triplicated subgenomic regions ( Fig. 3 and Supplementary Fig. 18a-g ). The dot plot analyses, however, indicated that the pattern of triplication was not as evident as that in grape (Supplementary Fig. 19a,b) . This suggests that several interchromosomal rearrangements occurred during peach genome evolution. Regions without the paralogs corresponded to those with high SNP diversity (Figs. 2 and 3) . We compared the grape and peach genomes using the Mercator program 40 , which identifies segments with one-to-one orthology relationships across species rather than DNA regions having multiple syntenic partners. Notably, each grape segment, corresponding to part of one of the paralogous triplets of putative ancestor paleochromosomes, showed orthology to a single peach chromosome (Supplementary Figs. 20 and 21) . This suggests that the homeologous subgenomes of grape and peach derive from the same paleohexaploid event that occurred before the emergence of Vitaceae and Rosaceae. In addition, the duplicated blocks in peach reside only in regions with the same prehexaploidy ancestral origin (Fig. 3) 38 , suggesting that peach has not undergone recent WGD. Consistent with this argument, each paralogous region in peach is orthologous to one in grape 13 and two in poplar 12 ( Supplementary  Fig. 22 ). In summary, even though the triplicated blocks in peach are fragmentary compared to those in grape, all seven paleosets of paralogs are detectable.
To further analyze the evolutionary divergence of peach and other species, we calculated 4DTv (fourfold synonymous third-codon transversion) 12 rates (Fig. 4) , which are indicative of the relative age of duplication. The 4DTv value peaked at 0.06 for paralog pairs in apple, highlighting the recent WGD in this species. A peak 4DTv value at 0.14 for the orthologs between peach and apple should correspond to species divergence. The orthologs between grape and peach or grape and apple showed 4DTv distances peaks at 0.36 and 0.38, respectively, which is consistent with the more ancient divergence between Vitaceae and Rosaceae. The 4DTv values between paralogs in peach and grape peaked at 0.56 and 0.50, respectively, again indicating that the hexaploidy in these eudicots occurred before the split of Vitaceae and Rosaceae (Supplementary Note). Tables 16 and 17) are able to unravel unique evolutionary paths of important gene families, such as those involved in sorbitol metabolism and the phenylpropanoid pathway that leads to anthocyanin and lignin biosynthesis. The members of the phenylpropanoid gene network are the current subject of studies directed at examining the evolutionary changes in the phenylpropanoid gene toolbox that are associated with the expansion of angiosperm plants into different growth habit-related niches (herbaceous, cane bush or tree) representing the range of growth habit and fruit diversity in Rosaceae. This work, in conjunction with that of the recently published 41 comparison of the Peach v1.0 DNA sequence and the available genomes of apple 9 and strawberry 2 , provides the substrate for developing an understanding of the changes in gene family repertoire and whole-genome sequence organization that are associated with fruit tree evolution. The analysis with a resequencing approach using a range of cultivated accessions representing different germplasm pools and wild relatives allowed us to produce reliable estimates of nucleotide diversity and determine the effects of domestication and breedingrelated processes on this diversity. The overall estimate of nucleotide diversity (π) was much lower than that recently obtained with similar approaches in Medicago truncatula (4.3 × 10 −3 ; ref. 33 ) and wild soybean (3.0 × 10 −3 ; ref. 42 ) but was similar to that in cultivated soybean (1.9 × 10 −3 ; ref. 42 ). Marked differences in diversity that were observed among chromosomal regions may have resulted from breeding activities and selection for specific traits, such as disease resistance and fruit maturity time. Having had available π data derived from accessions representing a substantial portion of the peach domestication and breeding history, we noted that they are consistent with those bottlenecks that have shaped the extant varieties of this crop. An original domestication bottleneck is supposed to have taken place in China 4,000-5,000 years ago, which was followed by the practice of vegetative propagation 1 and is reflected in the marked decrease in diversity observed between wild P. davidiana and the domesticated Asian peach varieties. After the dispersion of peach from China through Persia to Europe, a much more recent (16th-19th century) introduction of peach to the United States is represented by a few varieties that have subsequently served as the genetic foundation of the modern western breeding germplasm 43 . The effects of this second bottleneck are clearly reflected in the decrease of nucleotide diversity observed when moving from eastern to western varieties. These bottlenecks seem to have led to a considerable loss of diversity in western varieties in comparison to eastern varieties and wild relatives and have also resulted in a clear deficit of rare variants and a relatively slow LD decay.
Because of the resolution of mapped trait-containing intervals in peach for traits controlling fruit quality, fruit development and other important characteristics (Supplementary Table 1) , the high-quality peach genome assembly, characterized by high contiguity, completeness and accuracy (Supplementary Tables 4 and 11) , enables the rapid translation of genetic knowledge to actual gene members in specific gene families. Using comparative genomics approaches, this peach gene knowledge can be exploited for the improvement and sustainability of peach and other important tree species with less well-characterized genomes while at the same time enhancing our understanding of the basic biology of trees. In addition, this small and streamlined genome together with the absence of recent WGD makes it a key diploid tree genome that promises to provide important insights into terrestrial plant genome evolution. In this regard, its position within a family characterized by diploid species with very small genomes and an extreme diversity in plant growth habit offers an opportunity to investigate the specific gene and genome changes associated with the adoption of specific terrestrial growth niches.
URLs. The peach genome can be accessed using the genome browsers at http://www.rosaceae.org/species/prunus_persica/genome_v1.0, http:// www.phytozome.net/peach and http://services.appliedgenomics.org/fgb2/ iga/prunus_public/gbrowse/prunus_public/; RepeatMasker, http://www. repeatmasker.org/.
METHODS
Methods and any associated references are available in the online version of the paper.
Accession codes. This Whole Genome Shotgun project has been deposited at DDBJ/EMBL/GenBank under the accession AKXU00000000. The version described in this paper is the first version, AKXU01000000. Illumina Short reads have been deposited into NCBI Short Read Archive under accession number SRA053230. The 13 completely sequenced fosmids have been deposited into GenBank under accessions AC253537 to AC253549. 
ONLINE METHODS
Genome sequencing, assembly and map integration. Sanger sequencing was used to generate paired-end reads from 2.8-kb, 4.4-kb, 7.8-kb, fosmid (35.3-kb) and BAC (69.5-kb) clones to generate 8.47× coverage (Supplementary Table 2 ). Sequence reads were assembled with Arachne v.20071016 (ref. 6 ) with the parameters maxcliq1 = 100, correct1_passes = 0 and BINGE_AND_ PURGE = True. Scaffolds were aligned to a genetic map 7 to create pseudomolecules covering each chromosome (Supplementary Fig. 5 ). Markers were placed on the whole-genome shotgun (WGS) scaffolds using two methods. Simple sequence repeat (SSR)-based markers were placed using three successive rounds of electronic PCR (e-PCR) 44 with N = 0, N = 1 and N = 3. Markers that had a sequence associated with them, including RFLP and SNP markers, were best placed with BLAST and BLASTN.
Protein-coding gene annotation. Gene models were derived from weighted consensus prediction using several gene algorithms (FGENESH+ (ref. 45 ) and GenomeScan 46 ), taking into account transcript assemblies (done with PASA 47 ) and protein homology.
Repeats analysis. Both RepeatScout 48 and ReAS 49 were used to perform de novo identification of repeats. LTR retrotransposon structural identification was done using LTR_finder 50 . The REPET pipeline was used to generate a primary file of consensus transposable elements. Sequences were further manually curated using both BLASTX and Censor from the RepBase 51 database.
Transcriptome analysis. For RNA-Seq analyses, total RNA was extracted from different tissues: fruit at different ripening stages (cv. Imera, endocarp mesocarp and epicarp, S1-S2-S3-S4), roots (open pollinated cv. Yumyeong), fully expanded leaves (cv. Lovell), embryos and cotyledons (cv. Flavorcrest). In the case of fruit and seed, two bulks were prepared by pooling the RNA from different tissues and stages (Supplementary Table 15 ). The quality of the mRNA was tested using the Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA); the RNA Integrity Number (RIN) ranged from 7.3 for root to 9.8 for epicarp. RNA samples were processed using the RNA-Seq Sample Prep kit from Illumina (Illumina, Inc., CA, USA). Each library was loaded on one lane of an Illumina flowcell, and clusters were created using the Illumina Cluster Station (Illumina, Inc., CA, USA). Clusters were sequenced on a Genome Analyzer IIx (Illumina, Inc., CA, USA); 75-bp-long paired-end reads were obtained (Supplementary Table 15 ). Reads were initially preprocessed to remove possible contaminations from chloroplast, mitochondrion and ribosomal DNA (rDNA) and successively aligned to the peach reference genome using rNA 52 with default parameters.
Noncoding RNAs. tRNAscan-SE 53 was used to identify tRNA genes. In addition, we used INFERNAL 1.0.2 (ref. 54 ) with all RFAM 55 models that have previously generated hits from higher plants to identify small nucleolar RNAs (snoRNAs), small nuclear RNAs (snRNAs) and other noncoding RNAs (ncRNAs). Where predictions overlapped, the hit with the most significant P value was selected. Coordinates of all predictions were compared to gene predictions to identify intronic ncRNAs and ncRNAs that coincide with exonic predictions. ncRNA predictions within 5 kb of one another were considered clustered.
Resequencing and diversity analysis. For each accession, paired-end libraries were prepared as recommended by Illumina (Illumina Inc., San Diego, CA, USA) with minor modifications. Briefly, 1-3 µg of genomic DNA was sheared by nebulization, followed by standard blunt ending and ' A' addition. Then, Illumina adaptors were ligated to the ends of the fragments. After the ligation reaction and separation of unligated adaptors, samples were amplified by PCR to selectively enrich for those fragments in the library with adaptor molecules at both ends. The samples were quantified and quality tested using the NanoDrop ND-1000 UV-Vis Spectrophotometer (Thermo Scientific, Wilmington, DE, USA) and Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA). Libraries were processed with the Illumina Cluster Generation Station following the manufacturer's recommendations and sequenced in one lane of the Illumina GA IIx or HiSeq2000 with 76 or 101 cycles per read. The CASAVA 1.7.0 version of the Illumina pipeline was used to process raw data.
Raw sequences were aligned against the Peach v1.0 reference genome (International Peach Genome Initiative, http://www.rosaceae.org/species/ prunus_persica/genome_v1.0) after quality trimming using CLC Genomics Workbench 5.5 (CLC Bio, Aarhus, Denmark). Only reads that matched the reference sequence with ≥95% identity over ≥92% of their length and aligned to a single location were included in the alignment output file (reads that map equally well to multiple locations are not considered in the alignments). Average coverage was computed excluding zero-coverage regions. We only considered nucleotide positions in the reference that had a coverage ranging between 0.5 times and 1.5 times the average coverage and used a minimum minor allele frequency of 30% for identifying heterozygous polymorphisms. For SNP calling, the only bases used to support a SNP were those with quality score ≥20, and SNPs were only called if the 11 bp centered around the putative SNP had an average quality ≥15 and did not contain more than two SNPs and/or gaps.
We combined all SNPs identified in each accession to obtain a unique set for the ten P. persica accessions and the P. ferganensis accession that included only those variants that were present in nucleotide positions informative in at least four accessions. Nucleotide diversity (π) was computed among the 11 P. persica accessions (including the dihaploid PLov2-2N accession) and the P. ferganensis accession with internally developed scripts using the formula from Nei and where x i and x j are the respective frequencies of the ith and jth sequences, π ij is the number of nucleotide differences per nucleotide site between the ith and jth sequences, and n is the number of sequences in the sample. The reference dihaploid PLov2-2N was considered as a haploid genotype, and for all other accessions, diploid genotypes were considered. The Watterson estimator θ w was computed as K/a n , where K is the number of segregating sites, and a n is the (n-1)th harmonic number, with n = 23 being the number of haploid genotypes 57 . Tajima's D was obtained as the difference between the nucleotide diversity and Watterson estimator divided by the square root of the variance of that difference 58 . LD was estimated using r 2 in windows of size 50 kb using the same set of SNPs used to estimate nucleotide diversity and without any constraint on minor allele frequencies. Pairwise r 2 values for each pair of SNPs included in each window were estimated by maximum likelihood using the R package genetics (http://cran.r-project.org/web/packages/genetics/index.html). Decay of LD over distance was calculated according to the formula of Hill and Weir 59 . Background LD was estimated extracting one random SNP from each pseudomolecule and computing r 2 between SNPs. The procedure was iterated 50,000 times, and summary statistics were calculated. Average values of r 2 were calculated at every given distance from 1 bp to 50,000 bp and aggregated in bins of size 100 bp. If the sample size of a bin was lower than 1,000, larger bins were created. Analyses of linkage disequilibrium were performed using R 60 .
Comparative analysis. Duplicated regions in the peach genome were analyzed using SynMap at the CoGe 61 website using BLASTZ 62 and DAGchainer 39 as the underlying software. Only syntenic groups including at least six gene pairs where the distance between two adjacent matches was lower than 200 kb were considered. The orthologous regions among species were detected using Mercator 40 , which uses orthologous coding exons to define blocks of orthologous segments. The orthologous segments identified are those with one-to-one orthology relationships rather than any syntenic regions in which one region can have many syntenic regions. In finding orthologous segments, Mercator uses BLAT-similar anchor pairs in a modified k-way reciprocal besthit algorithm 63 . In our analysis, two exons from each genome were selected as being similar if the BLAT score 64 of the pair was below 1 × 10 −10 . The BLAT scores were computed using the translated protein sequences. The whole-genome sequence and annotation data of grape used in this analysis were downloaded from Genoscope (http://www.genoscope.cns.fr/). The whole-genome sequences of peach and grape were masked for repeats using the RepeatMasker program (see URLs), as well as the NMerge, WU-BLAST distribution and faSoftMask, Mercator 40 distribution utilities. Plots were obtained using Circos 65 .
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